Abstract:
INTRODUCTION
Falls are a major problem in the older population. One third of community-dwelling older persons experience a fall at least once a year, of those fallers 50% fall more than once a year [1 -3] . Most falls occur in and around the home [4] , however information on the footwear worn during these falls is not available [4] .
In a pilot study in the Geriatrics Out Patients Clinic of the Erasmus University Medical Center we found that open heel slippers were the usual and preferred footwear of older people in and around the home [5] . In 2003 the Easington primary care trust found that "sloppy slippers" were responsible for a considerable number of falls [6] . In 2004, a study in residential care homes in New Zealand reported that wearing slippers was associated with injurious falls [7] .
Inappropriate footwear has been identified as a contributor of up to 45% of falls [8, 9] . Walking barefoot or in socks can elevate fall risk [10, 11] . Also, wearing shoes with a low collar or a high heel has been shown to increase fall risk and impair balance [12, 13] .
Effects of footwear on gait characteristics have been reported [14, 15] . Wearing walking shoes increased gait speed compared to wearing dress shoes [14] . The application of insoles with a mechanical stimulation to the soles of the feet decreased stride-to-stride variability in step width and stride length [15] .
In recent years several gait parameters as measured with an electronic walkway system (GAITRite ® ) have been shown to be associated with increased fall risk. Decreased velocity and stride length [16, 17] , increased double-support time [18] , and increased stride-to-stride variability in swing time [19, 20] , have been shown to be associated with risk of falls [16 -20] .
A study with textured insoles worn by older adults with a history of falls did not show any benefit on gait parameters as measured with the electronic walkway system (GAITRite ® ) [21] .
Literature on the use of open heel shoe models and fall risk is lacking. We were interested in the possible relationship between use of open heel shoes and fall risk. In this study we used gait parameters as measured with an electronic walkway system as a derivative of fall risk. We investigated the influence of footwear, including an open heel shoe model, on gait parameters which are associated with fall risk in older persons. We consider that this is a preferred and more reliable method for studying footwear in relation to falls, as compared to testing the shoe models in real life situations, where we would have to rely on self-reports of falls and footwear worn during the fall.
METHODS

Participants
A convenience sample of 25 community-dwelling independent older persons (14 women and 11 men), aged 59-85 years (mean age 68.5 years, SD ± 6.9), was recruited from visitors of a shoe store specialized in comfort shoes for older people, www.intersko.com, between 16 and 27 March 2013. All participants were able to walk independently at least 12 meters and gave their written informed consent. Participants were asked to walk on an electronic walkway system, the GAITRite ® walkway, while wearing three different shoe models selected because they are frequently worn at home. With every shoe model each participant performed two walks on the walkway, the first walk being a test walk and the second walk the definite walk.
After six walks, the participants were asked whether they had experienced a fall in the past year; three out of 25 were single fallers, i.e., they experienced one fall in the past year; 22 out of 25 were non-fallers. Furthermore, participants were asked to fill in a questionnaire with questions relating to personal preference and experience with the three different shoe models. They had to indicate which shoe model they preferred for five aspects of the shoe, i.e., which shoe is easy to put on, is most comfortable, is most stable, is aesthetically pleasing, would you purchase? For each of the five aspects they could only rate one shoe model as the preferred one.
This study was approved by the Human Research Ethics Committee, Delft University of Technology.
Shoe models
Model 1 was an open heel soft material shoe, without collar. Model 2 was a soft material shoe, with closed heel and a high collar. Model 3 was a hard material shoe, with closed heel and a high collar. Model 2 and model 3 had a closing mechanism with Velcro (see Fig. 1 ).
Selection Criteria for the Three Shoe Models
Why did we choose for these three shoe models? In the current market of shoes there are several solutions to make a shoe fit to the foot shape.
Individual made to measure shoe: i.e., 3D-printing of a shoe after 3D-scanning of a foot shape (Additive a.
Manufacturing). Adjustable fastening with Velcro or straps or pins b.
Traditional shoes with laces c.
Open heel slippers or shoes d.
Closed heel slippers or shoes. e.
In putting shoes on and taking them off (donning and doffing), the ease plays an important role. Therefore shoes with laces(c) were excluded from this experiment for indoor shoed feet. Further requirements are the ease of fastening and the ease of adjustments to make the shoe fit.
Electronic Walkway
We used the GAITRite ® -732 system (Biometrics France) to measure and record temporal and spatial parameters of gait. The GAITRite ® -system is a portable computer based electronic roll-up walkway with an overall dimension of 823 cm x 90 cm x 0.6 cm connected to a personal computer with application software for calculation of temporal and spatial parameters of gait. The active area of the walkway is 732 cm x 61 cm. Pressure sensors are embedded into the carpet in a horizontal grid. We followed the guidelines for clinical applications of spatial-temporal gait analysis in older adults [22] .
Gait Parameters
Spatial gait parameters used in this study were: stride length, and heel-to-heel base of support. Temporal parameters used were: cadence (steps/minute), step time, velocity, swing time, stance, and double support time. Variability in the GAITRite ® parameters step time, swing time, stance, stride length, heel-to-heel base support, and double support time was expressed as coefficients of variation (CV), i.e. Standard deviation (SD)/mean *100%.
Analysis
The normal distribution of all the gait parameters was tested using the Shapiro-Wilk test. For the parameters that had a normal distribution, a repeated measures analysis of variance (ANOVA) was used to compare gait parameters between the three different shoe models. For the parameters that were not normally distributed, the Friedman test was used. In a post-hoc analysis we compared shoe model 1 to shoe model 2, shoe model 1 to shoe model 3, and shoe model 2 to shoe model 3. Student's paired samples t-test with Bonferroni correction was used for post hoc analysis of the parameters that had a normal distribution. The Wilcoxon signed-rank test was used for the post-hoc analysis of the notnormally distributed gait parameters. A two-sided p value of less than 0.05 was considered as statistically significant.
Model1 Model2 Model3
For each pairwise comparison we calculated Cohen's d and 95% confidence intervals (CIs), which is defined as the difference between two means divided by a standard deviation for the data [23] .
All statistical analyses were performed using SPSS software (version 20.0, SPSS INC., Chicago, IL, U.S.A.).
With regard to the personal preference and experience with the three different shoe models, we counted for each shoe model the number of preferences.
RESULTS
Gait Parameters
Shoe model 2 and model 3 had a significantly better performance compared to model 1.
We found 5 gait parameters which performed significantly better for shoe model 2 compared to model 1, i.e., velocity, step time, stance, double support time, and stride length.
We found 3 gait parameters which performed significantly better for shoe model 3 compared to model 1, i.e., velocity, step time, and stride length.
Significant gait parameters, the effect sizes, and 95% CIs are shown in Table 1 . 
Stride-to-stride avarage
Step time -Left (sec) 0.60 (0.06) 0.58 (0.06) 0.02 < 0.00 -0.27 -0.43, -0.10
Step 
Acceptability
Fig . (2) shows the results of the participants' ratings for personal preference and experience with different models. Model 2 was best accepted, and had the highest rating for comfort.
Ten persons had some physical difficulties when using the Velcro system.
DISCUSSION
This study compared the effects of three different shoe models for indoor use, including an open heel shoe, on gait parameters associated with falls in older people, using an electronic walkway system. The two high collar shoe models (model 2 and model 3) performed significantly better than the open heel shoe model (model 1) with respect to gait parameters known to increase fall risk. Gait velocity and stride length were significantly reduced when wearing the open heel shoe model compared to the high collar shoe models.
Step time, stance, and double support time increased significantly when wearing the open heel shoe model compared to the high collar shoe models. This implies that with regard to fall risk [16, 17, 19, 20] a high collar shoe model should be preferred to an open heel shoe model.
Thus it appears that the preferred and commonly worn open heel shoe model for use in and around the home affects gait characteristics in such a way, that it is likely to increase fall risk. As most falls in older persons in the Netherlands have been shown to occur in and around the home [4] , the question arises whether the high number of falls in and around the home might be due, in part, to inappropriate footwear worn at home [5] .
Strengths and Weaknesses of the Study
The strength of this study is that we provided the participants with standardized shoe models to control for specific footwear characteristics. This increases the information about shoe characteristics and their effects on gait parameters, and should improve generalisability of the results.
This study has several limitations. Firstly, sampling error could have influenced our results since the participants were volunteers and information about their health status is lacking. However, we expect that the hazardous effects of the open heel shoe model on gait parameters reported here might be magnified if applied to less able older people. Secondly, the findings should be treated with caution when applied to real life situations, since the testing was conducted in a shoe store where participants walked on an electronic walkway, i.e., on a flat surface. However, we think that in real life situations in and around the home, the differences in gait characteristics might be even more pronounced.
Comparison With Other Studies
As far as we are aware from the literature, this is the first study to test and demonstrate the effects of three specific We found only one study measuring the effect of textured insoles in community-dwelling older fallers with an electronic walkway system; this study showed a negative effect on gait parameters associated with falls, i.e., wearing the textured insoles led to a significantly lower gait velocity, step length, and stride length compared with wearing smooth insoles [21] . The difference between this study and the current study is that in our study, a history of falls was not an inclusion criterion.
CONCLUSION AND IMPLICATIONS
In conclusion, the current study demonstrates that wearing an open heel shoe model is associated with gait parameters that have been shown to be associated with fall risk, compared with a high collar shoe model, in communitydwelling independent older persons.
Further research is needed to identify the specific shoe characteristics that provide the greatest benefits for safety and comfort, especially for footwear worn in and around the home.
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